Generally, the forest companies use the total one year planting area as a minimum stratum of the total population and, consequently, the forest inventory processing has been conducted by applying the stratified random sampling to it. This study was carried out in the National Forest of Tres Barras, Brazil, and it aimed to classify and map the sites of Pinus elliottii stands. A systematic sampling was structured into clusters and applied independently by compartments. The clusters, in maltese cross, were composed of four sampling subunits, using Prodan sampling method with a fixed number of six trees. By analysis of the methodology it was possible to confirm the hypothesis: a) the selective thinning cause expressive increase of volumetric variability within compartments; b) the variation of sites within the compartments causes volumetric expansion of variance and this grows proportionally to the quality of the sites; c) the stratification in sites results in minimum variance within them; d) the stratification in sites resulted in until to 91% reduction of variances within them.
INTRODUCTION
The demand for forest products maintains close link with the increase of human population and, as the present expectations, the human population growth rate indicates trends of continuous advance. This fact signals that the forestry sector needs to increase investments in reforestations and improve the quality of products and forest services. With the support and development of new technologies it will become possible to benefit society directly, by answering the market demand and indirectly, by the decrease of exhaustion of natural forests.
The forests planted with conifers, today in adult state in Brazil, are derived from projects, in their majority from fiscal incentive of decades from 1960 to 1980, having its deployment focused more on quantity of reforested area and little in the quality of the production. In these circumstances, the basic criteria for conducting such plantations were often ignored, which is why it became relevant enhancement studies for its quantification.
In the literature there are some studies (Tonini et al. 2002 , Raulier et al. 2003 , Bravo-Oviedo et al. 2004 , Palahi et al. 2004 , Rivas et al. 2004 , Aertsen et al. 2010 , Vargas-Larreta et al. 2010 , Kitikidou et al. 2011 ) that show, mainly for coniferous forests of the genus Pinus sp., different local qualities, which are indices relating to their potential productivity and obtained in a direct way. Despite the merit and importance of these studies, there are no records documented that such contributions have been complemented with work relating to mapping of indices of productivity, of fundamental importance as a final process of stratification, which would allow more accurate information and reliable to forest inventory and, consequently, to the forest management and the planning of production use.
Generally forestry companies adopt an inventory planning, in which only one or two plots are allocated in each compartment, or one or two plots every twenty five hectares. This spatial sample allocation is adopted due to the cost that data collection represents for the company. By doing so, without detailing the stratification up to units of site, the sampling estimates do not reach the required standards of precision. On the other hand, if the planning of sampling scheme is performed according to a previous study of the site qualities, this procedure may produce more reliable and more accurate results. In this context, the application of a systematic network of sampling units in the compartments will ensure that all possible productivity classes will be detected by the sampling procedure.
In addition, the companies use the total yearly planted area as a minimum stratum of the total population -MSP and consequently the forest inventory is conducted by applying strictly the stratified random sampling up to this level, with total abstention of sample evaluation within the compartments and without detail of stratification within this MSP.
In the light of the foregoing and aiming to contribute to technical-scientific knowledge on planted forests, particularly in those of the genus Pinus, this work was conducted to implement the mapping of site classes, which required prior knowledge of site limits at various points in the area selected for this particular experiment. With this purpose, it was appropriate to use a systematic sampling in two stages, with clusters in the first stage and Prodan's sampling points with the six nearest trees from a central point in the second stage. Also it was required the site index classification and conclusively the effective mapping of the sites, which aimed at detection of variability of production in those new strata of the MSP. The objective of this study was to detect the variability of production, quantified in m 3 of wood with bark per hectare by compartments, in forest stands of Pinus elliottii Engelm. var. elliottii, to evaluate the appropriateness of stratification by site.
As hypothesis: 1) The application of selective thinning in compartments of Pinus elliottii var. elliottii causes significant increase of volumetric variability within them; 2) The variation of sites within compartments causes volumetric expansion of the variance and this grows proportionally to the quality of the sites; 3) The stratification of MSP in sites results in minimum variance within them; 4) It will occur expressive volumetric reduction of variance, when the stratification is performed by site units in the MSP.
MATERIALS AND METHODS

STUDY AREA AND DATA COLLECTION
The data were collected in the National Forest of Três Barras, in the municipality of Três Barras, State of Santa Catarina, Brazil. The climate of the region is of type Cfb, according description of Köppen, with rains well distributed during the year and the average temperature of the coldest month below 18°C. The relief is Stands of Pinus elliottii var. elliottii were selected for data collection, based on the criterion of larger coverage area of this species inside the limits of that conservation unit, encompassing seven compartments, with a total area of approximately 940 ha and that aimed at identifying variation of existing productivity in the sites, using a systematic grid of clusters composed of four subunits sampled with the Prodan's sampling points.
The permanent plots or units of fixed area (UFA) were allocated using the simple random sampling, whose selection obeyed the criterion of randomization of points of the systematic sample network. This meant that two random selected plots of fixed area always were located at two corresponding sampling units of the systematic grid. Therefore, two (n) out of twenty five points (C) of the grid were used for the random sampling, as is commonly made by the companies. For each compartment it was defined a square grid of twenty five clusters, whose structure was organized in accordance with Cochran (1977) , Hush et al. (1972) and Sukhatme and Sukhatme (1970) .
The systematic sampling was applied indepen dently in each compartment. Their sampling units were clusters (C) with M subunits (SU). Thus, the population sampled has C clusters, each containing M subunits, in which i = 1, 2 ... C and j = l, 2 ... M respectively, with the restriction that the number of clusters would be equal in each of the compartments that comprise the forest population to allow a fair comparison of its production. The variable volume (m 3 ), object of analysis, represented by Y ij , was the value observed in j th cluster, inside the i th subunit -SU. The density (n ha -1 ), of the Prodan's sampling point was obtained by taking 5.5 trees observed in a circular variable area until the 6 th nearest tree of sample point, computed as half (0.5) tree, by living and at the same time be the limit of the marginal circle that includes it, as defined by Prodan (1968 ), Pelz (1983 and Péllico Netto and Brena (1997) . The methodology to calculate the density per hectare, developed by Péllico Netto (1994) , was adopted in this study with the purpose of defining the criterion of more precise proportion of participation of the 6 th tree (K i ) in sample subunit (1).
In which: R 6 = marginal radius of the sixth tree; and r 6 = radius of the cross sectional area of the sixth tree. The density per subunit (D ij ) is obtained by (2)
The density per cluster (D i ) is obtained by (3)
Evaluation of productive capacity and mapping of site unites
Anamorphic curves of site index were constructed by the method of a guide curve, according to Campos and Leite (2006) and Scolforo (2006) , adopting the criterion of dominant height (H dom ) from Assmann, corresponding to the arithmetic mean of the heights from the 100 larger trees in diameter per hectare, as a
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SYLVIO PÉLLICO NETTO, FLAVIO R. STEFANELLO, ALLAN L. PELISSARI and HASSAN C. DAVID function of age (I), and fitted to the Prodan's model (1965) , during the elaboration of the management plan for that conservation unit (Project Flonas Fupef/Ibama 1989) as presented in (4).
To describe and model the spatial patterns of site index it was used the geostatistic analysis with the adjustment of a spherical semivariograma model (Vieira 2000 , Andriotti 2003 , as presented in (5), and aid of the computer program Geoest (Vieira et al. 2002) , with coefficient of determination (R 2 ) of 0.996 and weighted sum of squared deviations (WSSD) equal to 0.0079.
where:
y(h) = semivariance, h = distance, C 0 = nugget effect, C = sill, and A = range.
The interpolation and the spatialization were performed by ordinary punctual kriging, that considers the spatial dependence and prepare of thematic maps without bias and with minimum variance (Corá and Beraldo 2006) , being drawn up with the program Surfer 9.0, demonstration version (Golden Software 2002), using the limits of dominant heights for site classes at 25 years as reference age.
ESTIMATION OF VOLUMETRIC PRODUCTION
The calculation of volumetric production was performed with the application of the Schumacher-Hall volumetric equation fitted for the species Pinus elliottii var. elliottii in the National Forest of Três Barras, according to the Final Report of the Project Flonas Fupef/Ibama (1989), as presented in (6).
After the compartment maps were at our disposal, with a network of points properly configured, it was identified the line, the cluster central points (C) and the four points of the subunits (SU). It was identified the six closest trees to the central point of the four subunits, measured their diameters and heights and the respective distance from this center up to the 6 th tree of each (SU). The volume of the (SU) was determined using the volume equation for each tree sampled and performed the summation of individual volumes, except the 6 th tree to which it was applied the discount, as is referred in (1).
ADDITIVE LINEAR MODEL APPLIED TO THE EXPERIMENT FOR EVALUATION OF VOLUMETRIC VARIABILITY IN THREE-STAGE
HIERARCHICAL STRUCTURE OF SAMPLE
The organization of the Additive Linear Model for application of analysis of variance to a three stages structure, which characterizes a nested hierarchical model, i.e., the second stage is subordinate to the first stage and the third stage is subordinate to the second stage, is described below. The compartments are the primary units (PU), such that i = 1, 2, 3 ... L, in which L is the number of all compartments that compose the population to be assessed, i.e., there is no sampling in the first stage.
Be, subsequently, considered the clusters (C) within the (PU), such that j = 1, 2, 3 ... C, in which C is pre-fixed, i.e., C = 25 clusters by (PU), not configuring sampling at this stage.
It is considered, by order, the subunits of the clusters (SU), such that k = 1, 2, 3 ... M, in which M is pre-fixed, i.e. M = 4 subunits in each cluster, also not configuring sampling in this last stage, becoming consequently the experimental error.
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As the additive linear model is hierarchical, then it is designed as presented in (7).
From the final composition of the components of variation of the linear model proposed above, the analysis of variance is presented in Table I . 
It is worth to clarify that the parameter variance can only be obtained as it is presented in Table I , if the components of variance between primary units and between the clusters exist, i.e., if the null hypotheses are both rejected. In the case of acceptance of the null hypothesis in one or both cases, the variance components are obtained by weighted averages using the appropriate combinations of the mathematical expectations.
By the application of analysis of variance to the experimental data we have: Average of all the subunits in population
Average per subunit in each compartment (PU)
Average per subunit for each one of the clusters within each primary unit (PU)
By ANOVA, the total variance, under the con dition of rejection of null hypotheses, is obtained by:
In that: S 2 ε Is the average variance between subunits within the clusters (C) considering all the primary units (PU)
−1 is the variance between the primary units (PU)
is the variance between the means of clusters (C) within the primary units (PU)
Obtaining the Mean Squares in ANOVA Mean Square between the primary units (PU)
Mean Square between the clusters within the primary units (PU)
Mean Square between the subunits of clusters within the primary units (PU)
Variance between the primary units:
Variance between clusters, when the null hypothesis is rejected:
And
Therefore the total variance can be calculated as follows, in the condition in which both null hypotheses are rejected:
MQ e(PU) + C(MQ e(CG) ) + MQ e(SU) [C(M
The variance of the mean can be obtained as follows:
As observed, the variance of the mean is reduced only to the value of the variance between the subunits, since the sample fractions do not occurr between compartments and between clusters. It is obtained as follows:
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The standard deviation can be obtained as follows: 
RESULTS AND DISCUSSION
STATISTICAL TESTS
The population, composed of seven compartments, was stratified according to age, i.e., the compart ments 64, 66 and 67 formed the stratum I (25 years old, in which it was carried out selective thinning) and compartments 76A, 76B, 76C and 76D formed the stratum II (20 years old, before the last thinning). The statistical analyzes is presented in Table II Where: n = number of sample units of fixed area; * = significance level of 5% of probability; and ns = not significant.
As observed in Table II , there was significance at 95% probability between the variances by application of the Hartley' s test, consequently the tabulated value of 't' should be corrected according Cochran and Cox (1957) Still referring to Table II , the application of selective thinning has changed the structure of the population with an increase of 7.2 times the variance on volume in the compartments for the stratum I (25 years old), which proves the first hypothesis presented in this work. SYLVIO PÉLLICO NETTO, FLAVIO R. STEFANELLO, ALLAN L. PELISSARI and HASSAN C. DAVID The reduction of the volumetric stock in stratum I, due to thinning, made it possible an approximation of the volumes in the two strata, which are common in these circumstances, but such an expressive increase of variance explains the reduction of precision when the results of the continuous forest inventories are reported for this species.
For the statistical analysis of the systematic sampling, the population was stratified using the compartments as administrative strata. Due to the high sampling intensity applied within the compartments it has become important also to analyze the behavior of the variances within them, mainly to assess the influence of thinning application. Still, this analysis was conducted in two stages: the first was individually applied within each compartment, with a sample of clusters taken in each compartment, in which the clusters will detect the spatial variability of volume within them (Tables III and IV) and, in addition, the variability between them (Table V) .
As seen in Table III , the behavior of the total variances (S 2 T ) and the respective estimators of the intracluster correlation coefficient (ρ) shows the influence of the sites in results of volumetric estimators by cluster, whose interpretative synthesis is presented in Table IV . These results prove the second hypothesis. As presented in the methodology, the stratification in three-stage hierarchical design allows you to evaluate in a global manner throughout the experimental structure. That way, it can test the degree of volumetric homogeneity among compartments and between the clusters within the compartments, whose result is presented in Table V Where: ** = significant at 1% of probability level.
As observed in Table V , it has occurred significances at 99% probability level between compartments and also between the clusters within the compartments. These results clearly show the need to stratify populations by site. As the compartments are administrative units within the MSP, only partially reduces the total variance, remaining the variation due to the sites. In the same way, the high significance observed among the clusters within the compartments portrays the heterogeneity due to the sites. 
TABLE VI Statistics of the sampled population.
Where: cv % = coefficient of variation; s x % = standard error percentage; and ρ = estimate of the intracluster correlation coefficient. T = total variance of clusters; F = variance ratios to test hypothesis of means; ρ = estimate of the intracluster correlation coefficient; N = number of clusters; and * significance at 5% probability.
For better understanding of these results of the ANOVA, a synthesis of the statistics is presented in Table VI . Note that the variance between the compartments represents more than 50% of total variance, indicating once again that there is a need to delimit sites as last step of stratification within the MSP. The coefficient of variation of the order of 30% is due to the application of thinning in the stands with 25 years, which caused approximation of the volumetric means at both ages (25 and 20 years). The precision of this sampling design, of the order of 0.26%, occurred by the high intensity of clusters sampled in each compartment (25 units) and also because the ANOVA model, composed of fixed effects in the first two levels of stratification, enables the calculation of standard error in percentage only as function of the variance within clusters. The intracluster correlation coefficient (0.29) shows once more the heterogeneity among the clusters, i.e., the variability of the clusters' means within the compartments, of the order of 30% of their total variability, corresponds to the average value of the intracluster correlation coefficients calculated independently within each compartment, as shown in Table III .
MAPPING OF CLASSES OF SITE
With the objective of checking if the stratification in sites in the population results statistical significance, the mapping of site index classes was performed at the level of compartments, that is, the population refers to the sum of them (Figure 1) .
The analysis of variance was conducted using only the clusters within the sites and also separated by age, exactly to keep one year of planting as the basic unit for stratification. This adopted procedure for the analysis of variance was described by Ostle and Mensing (1975) (Table VII) .
As seen in Table VII , we proved what was formulated in the third hypothesis, because there was significant reduction of the variance on volume, when the clusters were processed only within each unit of site, the new stratification procedure within the EMP. The mean variance in the age of 25 years is kept higher than that at the age of 20 years, due to the application of selective thinning in the older stands.
The results of the ANOVA showed that remains significance at 95% probability among the clusters within the strata, expressed by the uniformity of the intracluster correlation coefficient in all of them, showing that their total variances comprise approximately 45% between clusters and 55% within them. These results are attributed to the occurrence of uneven density within sites, whether by effect of thinning in stands of 25 years, or by mortality in stands of 20 years.
SYSTEMATIC VERSUS RANDOM SAMPLING
The comparison of the results obtained by applying the two sampling procedures is presented in Table VIII Where: * Weighted mean; ** IC with 5% probability. The large increase in precision obtained in the application of clusters was due to greater coverage in the detection of internal variability in the compartments and the high sampling intensity applied (25 clusters with four subunits each, totaling 100 subunits in each compartment and 700 in all compartments), compared with 14 units of plots used in the random sampling (two plots per compartment).
Conclusively, the comparison of variances obtained by the two procedures used in this study, the traditional one used by companies and the stratification by sites, is synthesized in Table IX. As seen in Table IX , the reductions of variances by application of stratification by sites has reached 91.76 %, occurred in stands with 25 years and 81.28% for the stands of 20 years. Such results are very expressive and prove the fourth hypothesis formulated in this work.
To improve the structure of continuous forest inventories in the companies and significantly increase of the precision of sampling estimators, it is strongly recommended the stratification by production sites in the MSP.
RESUMO
Geralmente as empresas florestais usam a área total de um ano de plantio como estrato mínimo do total da população e, consequentemente, o processamento do inventário florestal tem sido realizado pela aplicação da amostragem aleatória estratificada. Este estudo foi realizado na Floresta Nacional de Três Barras, Brasil, e teve como objetivo classificar e mapear os locais onde Pinus elliottii se destaca. A amostragem sistemática foi estruturada em grupos e aplicada de forma independente por compartimentos. Os conglomerados em cruz maltesa, foram compostos por quatro subunidades de amostragem, utilizando o método de amostragem Prodan com um número fixo de seis árvores. Pela análise da metodologia, foi possível confirmar as hipóteses: a) o afinamento seletivo causa expressivo aumento de variabilidade volumétrica dentro dos compartimentos; b) a variação de locais no interior dos compartimentos provoca a expansão volumétrica de variância e esta cresce proporcionalmente à qualidade dos sítios; c) a estratificação em locais resulta em menor variância dentro deles; d) a estratificação em locais resultou em redução de até 91% das variâncias dentro deles.
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